Background: Persistent post-surgical pain affects 10e80% of individuals after common operations, and is more common among patients with psychological factors such as depression, anxiety, or catastrophising. Methods: We conducted a systematic review and meta-analysis of randomised, controlled trials to evaluate the efficacy of perioperative psychotherapy for persistent post-surgical pain and physical impairment. Paired independent reviewers identified studies, extracted data, and assessed risk of bias. The Grading of Recommendations, Assessment, Development and Evaluation system was used to assess the quality of evidence. Results: Our search of five electronic databases, up to September 1, 2016, found 15 trials (2220 patients) that were eligible for review. For both persistent post-surgical pain and physical impairment, perioperative education was ineffective, while active psychotherapy suggested a benefit (test of interaction P¼0.01 for both outcomes). Moderate quality evidence showed that active perioperative psychotherapy (cognitive-behaviour therapy, relaxation therapy, or both) significantly reduced persistent post-surgical pain [weighted mean difference (WMD) À1.06 cm on a 10 cm visual analogue scale for pain, 95% confidence interval (CI) À1.56 to À0.55 cm; risk difference (RD) for achieving no more than mild pain ( 3 cm) 14%, 95% CI 8e21%] and physical impairment [WMD À9.87% on the 0e100% Oswestry Disability Index, 95% CI À13.42 to À6.32%, RD for achieving no more than mild disability ( 20%) 21%, 95% CI 13e29%]. Conclusions: Perioperative cognitive behavioural therapy and relaxation therapy are effective for reducing persistent pain and physical impairment after surgery. Future studies should explore targeted psychotherapy for surgical patients at higher risk for poor outcome.
Persistent post-surgical pain is common, and may be influenced by psychological factors. In this systematic review and meta-analysis, perioperative cognitive behavioural therapy and relaxation therapy were found to be effective for reducing persistent, postoperative pain and physical impairment; perioperative education was ineffective. Future trials should explore targeted psychotherapy for surgical patients at higher risk for persistent pain and impairment.
Acute pain is an inevitable experience after surgery, however, 10e80% of surgical patients develop persistent pain, 1e4 and 2e10% of patients will report severe pain. 2 Persistent postsurgical pain lasts !2 months after a surgical procedure and excludes other causes of pain, such as pre-existing pain or postoperative infection. 5e7 This complaint is particularly common after limb amputation (30e80%), coronary artery bypass surgery (30e50%), thoracotomy (30e40%), and breast surgery (20e70%), 1e3 and is associated with reduced quality of life, physical and psychological impairment, increased healthcare costs, and accounts for a substantial portion of chronic pain in general. 1, 2, 4, 6, 8, 9 A study from the UK identified surgery as an antecedent in 22.5% of attendees to a chronic pain clinic. 10 There is evidence to suggest that depression, anxiety, stress, and catastrophising are associated with pain that persists after surgery. 4, 6 If this is true, persistent post-surgical pain, and associated physical impairment, may be reduced or prevented by intervention directed towards modifying cognitive distortions associated with these common psychological symptoms; however, controlled trials of perioperative psychotherapy have yielded conflicting results. We therefore conducted a systematic review and meta-analysis of randomised controlled trials (RCTs) to assess the effects of perioperative psychological interventions on persistent postoperative pain and physical dysfunction.
Methods
We followed the reporting standards for systematic reviews and meta-analyses of RCTs according to the Preferred Reporting Items for Systematic Reviews and Meta-Analyses (PRISMA) statement, 11 and registered our protocol with PROSPERO -an international prospective register of systematic review protocols (registration number: CRD 42016047335) (http://www.crd.york.ac.uk/PROSPERO/index.asp). We made one modification to our protocol, and included physical impairment as an outcome measure.
Data sources and searches
We searched Medline, PsycINFO, CINAHL, and the Cochrane Central Registry of Controlled Trials to identify relevant RCTs, in any language, from inception of each database to September 1, 2016. An experienced medical librarian (R.J.C.) developed database-specific search strategies to identify trials that enrolled surgical patients and explored the effect of perioperative psychotherapy on persistent pain or physical impairment (Supplementary Appendix S1). To maximise the sensitivity of our searches, we used terms for postoperative pain in general instead of persistent pain. We searched Google Scholar, and ProQuest Dissertations and Theses Full Text Database to identify relevant conference abstracts and dissertations. We also searched the Cochrane Database of Systematic Reviews, and reviewers screened the reference lists of all eligible RCTs and relevant systematic reviews to identify additional studies. We contacted authors for eligibility clarification, data verification, or to request missing data.
Study selection
We included RCTs that compared any perioperative psychological intervention against usual care. Eligible studies explicitly reported data on persistent post-surgical pain or physical impairment at !2 months follow-up. Because our specific purpose was to examine psychological interventions, we excluded randomised trials comparing psychological interventions combined with other active interventions (e.g. physiotherapy) against usual care, unless co-interventions were also provided to control patients. Two reviewers (Y.C. and S.A.K.) independently and in duplicate, screened titles/abstracts and full texts for eligible articles using standardised pilot-tested forms with detailed instructions. Reviewers resolved disagreement by discussion or through an arbitrator (J.W.B.) when disagreement remained. We consulted a psychologist (L.W.), blinded to study results, if there was uncertainty as to whether a study intervention was eligible. Two experienced psychologists (P.J.B. and R.E.M.), blinded to trial results, independently categorised each trial intervention as education or active psychotherapy and showed perfect agreement.
Data extraction
Paired reviewers trained in research methodology (Y.C., S.A.K., N.C., P.J.H. and L.W.), used standardised pilot-tested forms and a detailed instruction manual to extract data, independently and in duplicate. We collected information regarding study characteristics (e.g. author name, year of publication, study design, sample size, length of follow-up), intervention characteristics, and outcome data for persistent post-surgical pain and physical function. We used outcome data from the longest follow-up time point reported for our analyses.
If investigators used more than one instrument within a trial to measure persistent pain or physical impairment, we chose the most commonly used instrument. Based on feedback from experts (B.D., Y.R.), when both persistent leg pain and back pain were reported among patients undergoing lumbar spine surgery, we extracted data for persistent leg pain.
Risk of bias assessment in individual studies
Paired reviewers (Y.C., S.A.K., N.C., P.J.H. and L.W.) independently assessed risk of bias using a modified Cochrane risk of bias instrument that includes response options of 'definitely or probably yes' (assigned a low risk of bias) or 'definitely or probably no' (assigned a high risk of bias). 12 On the study level,
we assessed randomisation sequence generation, concealment of allocation, blinding of patients, caregivers and data analysts, selective outcome reporting (by comparing planned reporting in the methods with actual reporting in the results), and stopping early; for each outcome within studies we assessed blinding of outcome assessors, data collectors, and loss to follow-up. We considered !20% loss-to follow-up to represent a high risk of bias unless the investigators performed appropriate sensitivity analyses demonstrating robustness of results. We categorised a trial as being at low risk of bias for a particular outcome if we identified no limitation for any risk of bias item. Reviewers resolved disagreement through discussion or an arbitrator (L.W.).
Data synthesis and analysis
We measured agreement for titles and abstracts screening, full-text eligibility, and risk of bias assessment using the kappa statistic. 13 Values of 0e0. We pooled treatment effects of perioperative psychotherapy on similar outcomes across eligible trials, focusing on intention-to-treat analysis. We used random effects models to perform all meta-analyses. We preferred change scores for pooling of effect estimates to account for within-person variability, rather than end-of-study scores; however, most trials (10 of 15) 14e23 only reported end-of-study scores, which we used for analysis. We used the mean difference of the change score from the five trials that reported this information.
24e28
Most trials report pain and physical function as continuous variables, often using different instruments. Although the Cochrane collaboration recommends pooling such data as a standardised mean difference (SMD), this effect estimate is challenging to interpret and is vulnerable to the baseline heterogeneity of enrolled patients. 29 When studies used different instruments to measure the same construct on a continuous scale, we converted all instruments to the most commonly reported instrument among studies and then pooled results using the weighted mean difference (WMD) and 95% confidence interval (CI). 30 To further optimise interpretation, we calculated the proportion of patients who achieved no more than mild persistent pain [pain score 3 on the 10 cm visual analogue scale (VAS) for pain] 31 or no more than mild disability [ 20% on the Oswestry Disability Index (ODI)] 32 in each treatment group, and the risk difference (RD) and associated 95% CI between groups. 29 We used the median score from the control arm among eligible trials to derive a baseline risk of 49% for reporting no more than mild persistent pain, and 31% for reporting no more than mild disability. 30 When the original study only reported the median and range or interquartile range for pain or physical function scores, we used the median in place of a mean score by assuming a normal distribution and we imputed the standard deviation from another eligible trial with a similar sample size and intervention. For one trial with multiple study arms, 15 we followed methods described in the Cochrane Handbook 33 and split the control group to create separate pair-wise comparisons for each intervention arm. When a study only reported no significant difference between groups without data, we first contacted authors to request the missing data. If data was not available, we used a mean difference of 'zero' and imputed the standard error from a similar study to avoid overestimating treatment effects by excluding non-significant results.
We examined heterogeneity associated with all pooled analyses using both the c 2 test and I 2 statistic. We prespecified three subgroup hypotheses to explain variability between studies, assuming larger effects with: (i) more intensive psychological intervention; (ii) higher risk of bias (on a component-by-component basis); and (iii) shorter length of follow-up. In addition, we conducted a post hoc subgroup analysis for type of surgery. We conducted sensitivity analyses to examine the impact of using SMD vs WMD for pooling, and the impact of imputing non-significant results on pooled effects. We generated a funnel plot and applied Egger's test 34 to examine publication bias only when there were at least 10 studies included in a given meta-analysis. We used the Grading of Recommendations, Assessment, Development and Evaluation (GRADE) methodology to rate quality of evidence on an outcome-by-outcome basis, 35 and summarised findings using GRADE evidence profiles. 36 Given the high baseline risk of 49% for no more than mild persistent pain, and 31% for no more than mild physical impairment after surgery, we estimated that a 10% increase in the absolute 'risk' (benefit) would likely be sufficient for clinicians and patients to endorse perioperative psychotherapy. We performed all statistical analyses using Stata statistical software (version 13.1, StataCorp, College Station, Texas, USA). All comparisons were two-tailed, with a threshold P<0.05.
Results

Study identification
We identified 11 757 potentially eligible studies and retrieved 317 articles in full-text; 15 trials that enrolled 2220 patients proved eligible (Fig. 1) . 14e28 We achieved substantial interreviewer agreement for title and abstract screening (kappa¼0.78), and almost perfect agreement for full-text eligibility (kappa¼0.85) and risk of bias assessment (kappa ranged from 0.81 to 1.0 across risk of bias domains). Table S1 ).
Description of included studies
The median sample size of included studies was 107 (range 30e338); 14 RCTs were published in English, 14e16,18e28 and one in Chinese. 17 All patients were adults and the mean age ranged from 50 to 81 yr. All included studies were parallel trials, except for one factorial design without significant interaction detected (Supplementary Appendix Table S1 ). 20 We attempted to contact authors of five trials to acquire or verify data, 17, 21, 22, 27, 28 and successfully clarified details in two.
22,28
Patient adherence
Among our 15 eligible studies, three provided a single education session for their intervention that all allocated patients attended. 18, 19, 27 Among the remaining 12 trials that administered their intervention over multiple sessions, only two reported patients' adherence. One trial reported 94.3% of patients were adherent to a cognitive behavioural therapy plus progressive muscle relaxation intervention. 24 The second trial required patients allocated to relaxation and guided imagery to attend 10 therapist-guided weekly sessions and to listen to the audiotape of their session each day before their next session. Compliance with session attendance was not reported, and self-reported compliance with daily audiotape listening was an average of 4.40 (1.82) times per week (full compliance was seven times per week).
15
Risk of bias assessment
Only two trials were at low risk of bias across all components (Supplementary Appendix Table S2 ). 18, 25 Eleven trials reported an appropriate random sequence generation 14,17,18,20,21,23e28 and nine adequate allocation concealment. 18 McGill pain questionnaire. 21 After transformation of all results to the 10 cm VAS for pain, findings at 3e30 months follow-up showed a significant effect of perioperative psychotherapy on reducing intensity of persistent post-surgical pain (WMD À0.56 cm; 95% CI À0.88 to À0.24 cm ; Fig. 2) ; however, effects significantly differed between active psychotherapy and education (test of interaction P-value 0.01) (Supplementary Appendix Table S3 ). Moderate quality evidence showed that active psychological interventions (cognitive-behaviour therapy, relaxation therapy, or both) significantly reduced persistent post-surgery pain intensity vs usual care (WMD À1.06 cm, 95% CI À1.56 to À0.55 cm; RD of achieving no more than mild pain [ 3 on a 10 cm VAS] 14%; 95% CI 8e21%; Fig. 2, Table 1 ). High quality evidence showed no significant effect of education or psychological support, vs usual care, on persistent pain (WMD À0.12 cm, 95% CI À0.33 to 0.09 cm; Fig. 2 , Table 2 ).
Physical function
Twelve trials with 13 comparisons assessed physical function using the ODI, 18 23 or the Arthritis Impact Measurement Scale-physical disability subscale. 14 After transformation of all results to the ODI, findings at 2.5e30 months follow-up showed a significant effect of perioperative psychotherapy on reducing physical impairment (WMD À6.18%; 95% CI À8.77 to À3.59%; Fig. 3) ; however, effects differed significantly between active psychotherapy and education (test of interaction P-value 0.01). (Supplementary Appendix Table S3 ). Moderate quality evidence showed that active psychological interventions (cognitive-behaviour therapy, relaxation therapy, or both) significantly reduced physical impairment vs usual care [WMD À9.87%, 95% CI À13.42 to À6.32%, RD for achieving mild disability ( 20%) 21%, 95% CI 13e29%; Fig. 3 , Table 1 ]. High quality evidence showed no significant effect of education vs usual care on physical impairment Table 2 GRADE evidence profile of perioperative psychoeducation vs usual care for persistent post-surgical pain and physical impairment in surgical patients. CI, confidence interval; ODI, Oswestry Disability Index; RR, relative risk; VAS, visual analogue scale; WMD, weighted mean difference. *Quality was not rated down for risk of bias, because the subgroup analyses and meta-regression did not show any significant difference between each risk-of-bias component and treatment effects. y Quality was not rated down for imprecision, even though the 95% CI for the pooled effect overlapped a risk difference of 0 (no effect) and the upper boundary <10%, because clinical actions based on the estimate of the lower or upper boundary would not change Table 2 ).
Subgroup and sensitivity analysis
We found no significant interaction between risk of bias components and effects on persistent pain or physical function (interaction P ranged from 0.20 to 0.87, Supplementary Appendix Table S3 ). Also, meta-regression did not find an association between proportion lost to follow-up or length of follow-up with outcomes after surgery (interaction P¼0.06 and 0.33 for persistent pain, 0.05 and 0.78 for physical function, respectively). In addition, a post hoc subgroup analysis did not find a significant difference in treatment effects between different types of surgery (interaction P¼0.69 for persistent pain and 0.86 for physical function, Supplementary Appendix Table S3 ). Sensitivity analysis using SMD (instead of WMD), and excluding studies with non-significant result did not impact our results (Supplementary Appendix Table S4 ). Publication bias among all psychotherapy trials was not detected for persistent post-surgical pain or physical function (Egger's test P¼0.07 and 0.60, respectively; Supplementary Appendix Figure S1 , Tables 1 and 2 ).
Discussion
Our systematic review and meta-analysis found moderate quality evidence that active psychological interventions, including cognitive behavioural therapy, relaxation therapy, or both, reduced persistent post-surgical pain and physical impairment. High quality evidence showed no significant effects of education on persistent pain or physical function after surgery.
Strengths and limitations
Our findings are strengthened by a comprehensive search and broad clinical eligibility criteria, including trials in any language. We assessed risk of bias in individual studies and used the GRADE approach to appraise the quality of evidence. Our approach included imputing data for missing non-significant outcomes to avoid overestimating treatment effects, and conduct of subgroup and sensitivity analysis that confirmed robust effects. Finally, we present not only relative but also absolute effects, greatly strengthening inferences regarding the implications for clinical care. Our review has some limitations. Many of the studies eligible for our review provided limited descriptions of the intensity, frequency, and duration of care and inadequate information about the components of psychotherapy. We pooled different forms of psychotherapy, but there is precedent for this approach, 37, 38 and in fact this assumption was the basis for one of the first meta-analyses ever conducted. 39 Pooling all trials with psychological intervention directed towards reduction of persistent post-surgical pain and impairment enhances the generalisability, and thus the usefulness of our meta-analysis. 40 The generalisability is further strengthened in that the positive results were obtained despite possible limitations in the training of the personnel delivering the intervention, consistency of effects across different types of surgery, and variable adherence of the participants. Finally, we did not explore the effect of perioperative psychotherapy on other long-term, patient-important outcomes aside from persistent pain and physical impairment.
Relevant literature and future research
Ours is the first review to explore perioperative psychotherapy for persistent post-surgical pain and function; however, prior reviews have explored the effects of psychotherapy on acute complaints after surgery. A 2014 Cochrane review found that compared with usual care, preoperative education for patients undergoing hip or knee replacement surgery was not effective for improving pain or function up to 4 days after surgery. 41 A 2016 Cochrane review of preoperative psychotherapy found low quality evidence that psychological preparation techniques reduced postoperative pain (SMD À0.20, 95% CI À0.35 to À0.06) at up to 1 month after surgery. In a secondary analysis, relaxation techniques reduced pain (SMD À0.46, 95% CI À0.81 to À0.11) at 2 h to 2 weeks after operation; procedural information, sensory information, behavioural instruction, emotion-focused interventions or cognitive interventions were ineffective. 42 In a narrative summary, the authors reported very low quality evidence that psychological preparation improved physical function. Our findings build on these results by confirming that simply providing education before surgery is not effective for improving long-term outcomes, and that active psychological treatments (both perioperative cognitive behavioural therapy and relaxation techniques) can reduce persistent post-surgical pain and physical impairment. Psychoeducation involves the provision of information and support to assist an individual to better cope with a mental or physical health condition. 43 Although psychoeducation as an intervention may have beneficial effects for some conditions (e.g. bipolar disorder), 44 our findings suggest that providing information and support alone for surgical patients is not sufficient and that more active psychotherapy is needed. This result is consistent with research underscoring the beneficial effects of active psychotherapy for a wide range of mental health and health conditions. 45 Trials exploring the effect of perioperative psychotherapy to improve outcomes have largely focused on all surgical patients; however, there is evidence that some patients are at higher risk of poor outcome because of unhelpful cognitions than others.
46e48 Future trials may show larger effects, and reduce unnecessary treatment, by identifying high-risk patients that are more likely to benefit from psychotherapy. Studies in this area should also follow the guidelines for intervention description (TIDieR checklist) 49 and the CON-SORT statement for randomised trials of non-pharmacologic treatment 50 to enable replication of interventions.
Conclusion
Moderate quality evidence suggests that active perioperative psychological intervention, including cognitive behavioural therapy and relaxation therapy, reduces persistent postsurgical pain and physical impairment. High quality evidence shows no significant effects of perioperative education or psychological support on persistent post-surgical pain or physical impairment compared with usual care.
